Detection of loss of heterozygosity (LOH) 
(PCR)-driven LOH detection with in total 22 microsatellite markers for chromosome lq, 3p, 3q, 4p, 6p, 6q, llp, I lq, 17p, 17q, 18p, 18q, Xp and Xq on flow-sorted cells from fresh and paraffin-embedded ovarian tumour tissue. Titration experiments showed that LOH can be detected with as few as 100 cell equivalents of DNA. Clear examples of LOH could be detected in the sorted aneuploid fractions from one unilateral and two bilateral ovarian tumours from three patients. In two samples the sorted fraction was less than 10% of the total sample. The bilateral tumours from the same patient showed loss of identical alleles for one marker (case OV64) and two markers (case OV69), indicative of their monoclonal origin. Multiparameter flow cytometry using two different ovarian tumour markers (MOvl8 and BMA180), an anti-cytokeratin monoclonal antibody (MAb) (M9), an anti-vimentin MAb (V9) and a MAb against the panepithelial antigen 17-IA on the fresh ascites cells of the fourth ovarian cancer patient was used to investigate possible intra-tumour heterogeneity. We showed the presence of at least three phenotypically different populations, of which the diploid, keratinpositive, vimentin-negative population showed a similar LOH pattern as the aneuploid population (DNA index = 1.7), indicative of its neoplastic origin. The same LOH pattern was shown in an omentum metastasis from this patient also having the same aneuploid DNA index of 1.7. The sharing of the same LOH pattern by the diploid and aneuploid tumour cell populations suggests that the observed allele loss events occurred before the development of aneuploidy. PCR on flow-sorted cells is thus an important tool to study clonal diversity in tumours.
Study of loss of heterozygosity (LOH) is widely used to identify chromosomal locations of putative tumour-suppressor genes. In this type of analysis DNA extracted from tumour tissue is compared with constitutive DNA from the same patient by the use of polymorphic DNA markers (Lasko et al., 1991) . This approach has two intrinsic limitations. Firstly, tumour specimens with a high fraction of non-neoplastic cells have to be excluded from this analysis because LOH in tumour cells may be undetectable owing to the low concentration of tumour DNA. This may lead to a selection bias which affects the representativeness of the results. A second limitation is that the analysis of DNA extracted from homogenised tumour samples may obscure the presence of intra-tumour genetic heterogeneity.
Several investigators have used microdissection techniques in order to obtain tissue samples enriched in tumours cells (Bianchi et al., 1991; Radford et al., 1993; Sundaresan et al., 1993) . In this approach, the sampling Hedley et al. (1983) with minor modifications (Schueler et al., 1993) and stained with propidium iodide (PI) after RNAse treatment.
in Hanks' balanced salt solution (Sigma Chemistry, Bornem, Belgium (Corver et al., 1994 (Vindelov et al., 1983) for the samples from the frozen specimens. In the ascites specimen, MAb OKT3 (which recognises T cells) was used to identify the normal (diploid) cells. The Cell-Fit and Consort 30 software (Becton Dickinson) was used for data acquisition and analysis. The single-parameter DNA histograms were evaluated according to accepted criteria (Hiddemann et al., 1984) . Conditions for the simultaneous measurement of FITC, PE and PI on a standard FACScan have been described (Corver et al., 1994) . Sorting was performed on a FACStar flow cytometer (Becton Dickinson) equipped with a argon-ion laser (Coherent, Innova 90) giving a light emission of 300 mW at 488 nm and with Lysis 2.0 software. Cells and nuclei were sorted directly in 1.5 ml microfuge tubes and stored on ice. Electronic doublet discrimination was used to omit the sorting of cell aggregates. This was done by plotting the FL2 pulse area against the peak pulse width, which enables discrimination of singlets from doublets since the latter have a wider peak pulse width (Sharpless et al., 1975; G6dhe et al., 1977) .
DNA isolation
Constitutive genomic DNA was isolated from freshly collected peripheral blood leucocytes (Miller et al., 1988) . For the isolation of DNA from sorted cells and nuclear suspensions the concentration was adjusted to 50 nuclei or cells per gl by adding 10 mM Tris-Cl, pH 8.3, 0.5% Tween 20 and 1 mM EDTA. DNA was extracted by overnight incubation with proteinase K (0.3 mg ml-') at 56'C followed by 10 min incubation at 100-C to inactivate proteinase K. Samples were used directly as DNA templates or stored at 4°C. DNA from frozen solid tumour tissue was isolated as previously described (Devilee et al., 1989) with slight modifications. This involved the use 1.5 ml Eppendorf microfuge tubes since only minimal amounts of DNA were required. The amount of DNA extracted from five frozen 40 gim sections proved to be sufficient for over 100 PCR reactions.
Detection of LOH PCR was performed according to Weber and May (1989) .
PCR reaction mixtures contained 2 IlI of purified template DNA, 10 mM Tris-HCI (pH 9.0), 1.5 mM magnesium chloride, 50mM potassium chloride, 0.01% gelatin, 0.1% Triton X-100, 200;LM each of dGTP, dTTP, dATP, 2.5 9M dCTP, 0.75 giCi of [ax-'2PdCTP (3,000 Ci mmol ', l0OiCipl`'), 3.0pmol of each PCR primer and 0.06U of Super Taq (Sphaero Q, HT Biotechnology, Cambridge, UK) in a total volume of 15 gil. Samples were covered with mineral oil, denatured for 5 min and passed through 33 cycles of amplification consisting of 1 min denaturation at 94C, 2 min primer annealing at 55-C and I min elongation at 72'C followed by a final extension of 6 min at 72'C. The amplifications were carried out in 96-well microtitre plates using a thermal cycler (MJ Research, Watertown, MA, USA). After PCR, samples were denatured with two volumes of 0.3% xylene-cyanol, 0.3% bromphenol blue, 10 mM EDTA (pH 8.0), 90% (v/v) formamide, and subjected to electrophoresis on a 0.4-mm-thick 6.5% polyacrylamide gel containing 7 M urea. After drying, an X-ray film was exposed to the gel for periods of upwards of 12 h. The microsatellite markers used in the present study were selected because they map to chromosome regions frequently showing LOH in ovarian carcinomas (Chenevix-Trench et al., 1992; Foulkes et al., 1993a, b; Phillips et al., 1993) , and their chromosomal locations are listed in Table II (Futreal et al., 1992; Jones & Nakamura, 1992) . Table Ill. A panel of six different MAbs (Table I ) was used to phenotype the fresh ascites (case ov31), in combination with PI for DNA staining (Figures 2 and 3) . The single-parameter DNA histogram (Figure 3c) shows, in addition to a diploid population, a prominent aneuploid population with a DI of 1.7. Double staining with PI and OKT3/FITC (Figure 2b ) confirmed that the leftmost peak contained DNA diploid cells by the presence of OKT3-positive population (T cells). Three different cell populations could be identified using MAbs directed against ovarian cancer-associated antigens (MOvl8 and BMA180 respectively, Figure 2c and Figure 3 . A strong reaction was observed in the aneuploid population with the keratin markers M9/M20 (Figure 3d ) and 323/A3 (Figure 3e ). In addition, some of the diploid cells were also found to be positive for these markers. By gatng on the keratin-positive cells it could be clearly demonstrated that these cells are also 323/A3 positive (idicated by arrows). In the second triple staining experiment the kIeratin markers (M9/M20) were combined with a vimentin marker (V9), whih reacts with cells from mesenchymal origin (Figure 3g-i) . By gating on the vimentinnegative population (Figure 3h ), it could be demonstrated that these cells are eclusively keratin positive (Figure 3i In order to obtain molecular genetic confirmation of the neoplastic nature of these cells, three fractions were sorted: the diploid keratin-negative, the diploid keratin-positive and the aneuploid keratin-positive fraction. From this patient an omentum metastasis had been removed earlier and stored in the freezer. This frozen tissue was only accessible for singleparameter DNA FCM. The DNA histogram of this metastasis showed in addition to a diploid Go l population a large aneuploid GQl pak with a DI of 1.7 (data not shown), similar to that of the ascites tumour.
Detection of LOH
To estimate the number of cells required for PCR analysis, DNA was isolated from the cell line OVCAR-3, which was treated identically to the multiparameter protocol in order to account for possible disturbing effects of PI and other reagents on PCR. DNA was isolated in concentrations ranging from 1 to 10,000 cell equivalents per 2 A, being the volume of template DNA solution used in each PCR reaction. As shown in Figure 4 , about 100 cell equivalents of DNA appears to be sufficient for the detection of alleles of microsatellite marker APOA2. The same was found for marklers THRAI FSgwe 4 Titration ecperiment to determine the minimal number of cells required for the detection of microsatellite markers by PCR Reactions were performed with microsateffite marker APOA2 and 1, 10, 100, 1,000 and 10,000 cell equivaets of template DNA. OVCAR-3 cells were processed identically to the triple flurescea protocol before DNA isolation mn order to account for distung effects of icals such as PI. The allees are indicated by arrows.
This approach can be useful in the study of intra-tumour genetc heterogeneity. It renders specimens with low tumour cellularity accessible to moleular genetic analysis and it may contribute to the study of the phenotypic-genotypic relationships of tumour cell populations.
The present approach has several advantages over the use of microdissection for the enrichment of tumour cells (Bianchi et al., 1991; Radford et al., 1993; Sundaresan et al., 1993 Our results clearly show the possibility of separating tumour cells that form only a minor fraction in the tissue specimen. This is illustrated by the results from OV64a, in which the aneuploid population constituted 4% of the total cell population. The histologically estimated tumour component was 30%. Owing to the high sensitivity of PCR as few as 100 sorted cells appeared to be sufficient for LOH detection. Although Burmer et al. (1991) and Boynton et al. (1992) for their monoclonal origin (Smit et al., 1990 analysis. Since both the diploid and the aneuploid cell populations show the same LOH pattern for at least 11 polymorphic markers, it is most likely that the aneuploid clone developed from a diploid precursor after establishment of the observed LOH pattern. Since both tumour cell populations are present in the ascites, they had both acquired metastatic capacity. Although the possibility remains that both populations have developed metastatic capacity independently, it seems more likely that the metastatic phenotype was already acquired by the diploid clone before clonal divergence. The indisputable predominance of the aneuploid population may reflect a higher growth rate. It can be concluded that PCR-based LOH detection on flow-sorted tumour cell populations may refine the molecular genetic analysis of tumour heterogeneity and renders tumours with a high content of normal cells accessible for molecular genetic analysis. This approach may be of particular importance for reconstructing the sequence of events in clonal evolution and divergence in solid tumours.
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